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An air-cooled, blast furnace slag aggregate produced
in California was tested for possible use in port=
land cement concrete, asphalt concrete, cement
treated base, and untreated base. Mixes of variable
portland cement content and air entrainment made with
coarse slag aggregate and natural sand were compared
with a control mix of natural aggregate for compres=-
sive strength, flexural strength, modulus of
elasticity and shrinkage characteristics. '

A 1/2-inch maximum size aggregate asphalt mix
was designed using slag aggregate and tested accord-
ing to California design method. Various mixes of
cement treated base were tested for strength and
durability. The slag aggregate was tested for
compliance with California sPec1f1cat10ns covering
untreated aggregate base.

Blast furnace slag aggregate was, with certain
exceptions, found to be satisfactory for use.
Although no corrosion tests have been made, the chemi-
cal analysis indicates the presence of potentially
corrosive compounds; therefore, the slag aggregate
tested should not be used in prestressed concrete
members until the potential corrosive properties have
been thoroughly evaluated.

Aggregates, slags, slag coarse aggregate, portland
cement concrete, asphaltic concrete, aggregate
testing, compressxve strength, flexural strength,
modulus of elasticity, shrlnkage, concretes, cement
treated base, cement content, air entrainment.
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NOTATIONS

List of abbreviations and symbols as used in this
report:

CKE California Kerosene Equivalent
C CKE of aggregate passing 3/8~inch screen
and retained on No. 4 screem
F CKE of aggregate passing No. 4 sieve

CTB Cement Treated Base

D¢ Durability Factor - Coarse Aggregate
", n Fine "

DTA Differential Thermal Analysis
E Modulus of Elasticity
K Aggregate Surface Factor indicating relative
particle roughness and degree of porosity
Kf Fine aggregate surface factor ‘
Ke Coarse aggregate surface factor
Mean aggregate surface factor
PCF PoundS‘per'Cubic Foot

PsI Pounds_per Sqﬁare Inch

R R-value. Resistance value of bases, subbases,
and soils as determined by the Hveem
Stabilometer .

SE Sand Equivalent as determined by Test Method

No. Calif. 217
SSD Saturated Surface Dry

W/C = Water-cement Ratio
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BLAST FURNACE SLAG FOR USE AS AGGREGATE

INTRODUCTION

In recent years, there has been a reported increase in

the use of air=cooled—b1aét furnace slag aggregéteso The material
is defined as 'the non-metallic product, consisting essentially
of silicates and aluminOwsilicétes of 1%me ahd of other bases,
which is developed simultanecusly with iron in a blast furnace."1*
Therefore, it has Been pfoduced commercially only near‘sﬁeél
producing c’énters°

| Near the end of 1967, a large modern processing plant
in California will Be broducing slag aggregates. They have been
proposed for use in Californialhighway ﬁofko In 1944, a 1iﬁifed
.téétingAprogram was conducted by the State of California,
Materials and Research Department on slag aggregateo2 'Thel
maﬁerial'was judged acceptable for ﬁse in highway work based on
specifications iﬁ effect at the time. The pfesent program was

set up to expand upon the previous one, and to compare its

properties with current specification requirements for aggregate.

#*Refers to reference listed at end of report.

)
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CONCLUSTIONS

The slag tested was found, with certain exceptions as
discussed below, to meet present:California test requirements for
aggregate for use in portland cement concrete, asphalt concrete,

cement treated base, and untreated base.

A, Portland Cement Concrete

Based on 1aboratory tests, a good workable slag aggregate
concrete mix w1th acceptable strength and shrinkage qualltles can
be made using a natural sand and about 4 to 5 percent air entrain-
ment with an increase of about 1/2-sack of cement per cubic yard
more than a comparable non-air-entrained concrete. A 5=1/2-sack
mix with 4 percent entrained air possessed good placing and finish-
ing eualities,rand should produce a pavement of adequate strength.

| The Los Angeles Abrasion Loss of the material tested was
hlgh but met current requlrements,' There is some evidence that
LA Abrasron Loss for thls type of aggregate is generally high.

It was found advantageous to prewet the slag aggregate to
secure a near SSD condition before incorporating it into a mix
since the slag aggregate has a high absorption (5 to 6 percent).
Prewetting should be a requirement for portland cement concrete
production to prevent loss of slump while transporting, placing

and finishing.
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Since the slag aggregate tested is a manufactured product
taken directly from the cooling bed next to the blast furnaces to
the crusher, its cleanness was very high and contamination very
low. Under normal circumstances, it would not have to be washed
to meet cleanness reéuirementsm All the slag aggregates used in
the tests were unwashed samples taken directly from an existing
plant being used to process. aggregate for other uses.

Until the potential corrosive properties of this material
can be evaluated, slag aggregate should not be used in any pre-

stressed concrete construction.

B. Asphalt Concrete

For the mix design testéd, the results indicated an
acceptable asphalt concrete. Very little degradation was noted
when extracted grading was compared with design grading. This
type of aggregate has a high K; value (surface constant) which
represents the total effect of superficial area, the aggiegate
absorptive properties and surface roughness. A reiatively high
asphalt content was required, but satisfactory stabilometer
values were obtained. |

Present California Highway specifications for the
Los Angeles Rattler Loss at 100 revolutions and for 11mit on-
K-Factors would w1thout some méélflcatlon, preclude the use of

thlS material in asphalt concrete.
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C. Cement Treated.Base
and Untreated. Base

Slag aggregate exhibited satisfactory properties when tested

as a treated or untreated base material. Again, the aggregate

..should be prewetted to SSD to insure consistant qualities.

Strengthwise, the CTB compares very favorably with conventional
CIB, and wetwdry 6r‘freeze-thaw cycles affect it little, if any.
Although the material was slightly out of grading (3/4" should be
_90;10022passing), this might be corrected very easily at the
crusher plant. All other properties of the material tested exceed

current California highway specifications.
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SAMPLING, TESTING AND TEST RESULTS

Samples were taken by a representative of the Materials
and Research Department from stockpiles in the yard of a small
processing piant currently operated primarily‘for.the prodﬁétion

s . of roofing éhips and réilroad ballast. The mﬁterial produced by
this plant was from the same daily‘outpﬁt of a blast furnéce from
which future slag will be supplied, and- future supplies shquld be
basically the same in all respects. The sample of coarse aggre-
gate wés separated into individual sizes at the Sacramento
Laboratory and recombined for sPécific‘testinglpufposesq

- Other materials used in various phases of this testing

program were as follows:

Natural fines: American River (Lab Stock)

Control mix aggregate: American River (Lab Stock)

Cement: Type II Modified (Lab Stock)
'Airwentraigiﬁg Agent: Vinsol Resin ' I
Asphalt: 85=100 Penetration

. The slag aggregate was examined petrographically, chemi-

cally, and physically. (Tables 1, 2, and 3.) The concrete
series of tests included tests for compressive and flexural
strengths, for compressive modulus of elasticity, and for shrinkage
characteristics (Table 4) . Mixes with different cement factors and

air contents were compared with a control mix of natural aggregate.

1
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The aspﬁalt test series consisted of theldesign and testing
of a typiCal 1/2-inch maximum aggregate size asphalt concrete mix
made with.the slag aggregaté'(Table 5).

The aggregate as used for cement treated base was tested
for denmsity and compressive strength at several moisture and
cement contents, and also for resistance to wétndry and freeze-
thaw cycles af: one given moisture an‘d'cementy'c‘ontent (Table 6).

The aggregate for use in untreated bajse was tested for
aggregate gradin'g,' R-value, sand equivalent, and durability

(Table 7).
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CLOSURE

The results of this test program show that the slag
aggregate tested can be used with certain restrictions or
conditions for portland cement concrete, asphalt concrete, cement
treated base, and untreated base. Limits for the LA Rattler
loss at 100 revolutions and for surface constants for asphalt
concrete would have to be revised to take into consideration the
special surface and absorption characteristics of slag aggregate,

A possible advantage of using this material is the
relatively low unit weight of portland cement concrete made with
it (approximately 135 pounds per cubic foot). This quality, in
ccnjunction with its good strength and low shrinkage characteristics,

might be useful in reducing dead loads in structural design.
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TABLE 1

Physical Properties of Slag Aggregate

’Primary Size
Combined
1=1/2" 3/4" Gradation
’ Sodium Sulfate Soundness Loss#® 2% 2%
) Specific Gravity 2,28 2,31
Absorption 6.2% 5.0%
Cleanness Value®¥ 86 89 88
IA Rattler (SOOQﬁevo), % Loss 41 .
* Calif, Test Method 214
' ?*Calif° Test Method 227

TABLE 2

Mineral Composition

Akermanite
Merwinite
Enstatite
Gehlenite
Hardstonite
Monticellite
Calcium.cyanide
Ba Zn Germanate
Kal 8i04

. Plagioclase

-
HOYOWIUn Wb

o o ¢ ¢ 0o 0 o g o

The above were determined
by X-ray diffraction,
D.T.A,, and petrographic
examination
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TABLE 3

Chemical Analysis

Percent
Material By Weight
Carbonates as €02 0.60
Sulphates as. S03 0.11
Chlorides as Cl 0.02
Sulphides as S 0.65
Phosphates as P205 Nil
Silica : as 5102 35.0
Alumina as Al203 10.3
Ferrous Iron as Fe -.0.25
Lime _ as Cao0 - 35.8
Magnesia as  Mg0 14.6
Manganese as Mn 1,23
Potassium as K20 0.92
Sodium as Na20 0.52
Cyanide as CN - less than 0,01
o ' 100.01
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"TABLE 5

Asphélt Concrete Properties

Sp. Gr. Briq.

Grading Other Aggregate Properties
: % Passiﬂg Surface Areg _ g;°2 sq.ft./1b.
Size - By Weight | Bitumen Use =100 Pen.
I CKE Values: F 3,40
3/4" 100 . ' Cc 6.55
1/2" 100 Theoretical Bitumen »
- 3/8" 90 Ratio 6.5%
Néo 4 i 70 Kc : 2-03
No. 8 a2l Kf 1.2
No. 16 40 Km 1.4
No., 30 30 LA Rattler, 100 Rev. 11% Loss
No., 50 20 " 500 " 45% Loss
No. 100 12 Sodium Sulfatel Saund-
" No. 200 7 ness . ' 27 Loss
- Film Stxipping None
Sand Equivalent 87
Surface Abrasion 0
Asphalt Mix Properties
Specimen : A B C D E
Temperature, °F 140 140 140 140 140
Bitumen Ratio, % . - 6.0 6.3 7.0 7.5 8.0
Specific Gravity Brigq. 2,23 2.2 2,25 2,28 2,28
Stabilometer 47 45 50 47 30 -
Cohesiometer 119 112 164 164 211
Voids, % 7.1 5.8 4.9 2.9 2.0
Swell, In.. (24 hours}, 001 001 = =
Permeability, ml /24 hrs, 500 500 = = =
Susceptibility to ‘Moisture
Vapors-
Hours 15 75
Moisture Absorbed, % 0.4 0.5
Stabilometer 48 45 .
Cohesion 287 341
Bitumen Ratio 7.0 7.0
2,26 2.24
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TABLE 6

i

Cement Treated Base

Percent | Percent | Density | Compr. Strength
. Moist. Cement (pcf) (psi)
8.3 2,0 120 486
» 8.3 4,0 122 1043
8.3 6.0 122 1348
7.7 4.0 122 1115
8.3 4.0 122 1138
8.6 4.0 122 1122

Wet and Dry (12 Cycles)
In water 5 hours, 140°F Oven 42 hours

8.3 4.0 122 1272
8.3 | 4.0 122 1152

% volume change for both specimens - zero
Condition of specimens - excellent
]

Freeze=Thaw (12 Cycles)
Freeze = 24 hours; Thaw - 24 hours

4.0 I 122 | 1240
4.0 122 1212

8.3
8.3

~ % volume change for both specimens = zero
Condition of specimens - excellent
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Aggregate (Untreated) Base

Sieve Size

Percent-Passing

1-1/2"
3/4!: ’

_Non 4

No. 30
No. 200 -

100
83
36
14

5

SE
Df
D¢

83
72
87
87
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